Apparent and true availabilities of amino acids from white fish meal (FM), defatted soybean meal (SBM), malt protein flour (MPF), corn gluten meal (CGM), extruded SBM (ExSBM), and extruded MPF (ExMPF), were determined by an indirect method for fingerling rainbow trout Oncorhynchus mykiss, common carp Cyprinus carpio, and red sea bream Pagrus major.
In formulating fish feed by incorporating multiple pro tein sources, information on not only protein digestibility but also individual amino acid availability values are useful to more accurately meet the amino acid requirements of fish. Thus, we have previously reported the apparent pro tein digestibility and amino acid availabilities of several protein sources for rainbow trout Oncorhynchus mykiss1) and Japanese flounder Paralichthys olivaceus.2) On the other hand, the necessity of determining true amino acid availability, taking into account the metabolic fecal amino acids, was emphasized in several reports for relatively low protein content ingredients such as plant sources,3-6) due to relatively large difference between apparent and true ami no acid availabilities. True amino acid availabilities for several feed ingredients have been compared in channel catfish Ictalurus punctatus,31 common carp Cyprinus car pio,4) Atlantic salmon Salmo salar,5) and yellowtail Seriola quinqueradiata. 6) The results of our previous studies indicated that the digestibilities of the plant proteins for Japanese flounder,2) especially corn gluten meal (CGM) protein, were lower than those for rainbow trout.1) This finding is in agreement with the study of Masumoto et al. 6 ) who reported a low CGM protein digestibility (50% in apparent value) in yel lowtail. Moreover, the optimal substitution level of fish meal protein by malt protein flour (MPF) protein was found to be higher in rainbow trout (40%),7) common carp (40%), 8) and red sea bream Pagrus major (30%),9) than in highly carnivorous marine fish species such as flounder (20%)101 and yellowtail (20%).11) Among these fish species, however, little attention has been paid to protein digestibil ity and amino acid availability for feed ingredients of red sea bream. In common carp, although Hossain and Jaun cey4) have already determined the true amino acid availabil ities of several feed ingredients, most of the ingredients tested are not commonly available in Japan. Accordingly, amino acid availability values for common feed in gredients in Japan such as defatted soybean meal (SBM) and CGM should be determined for common carp and red sea bream.
Recent studies have revealed that appropriate extrusion processing of plant sources can improve not only carbohy drate digestibility but also protein digestibility. 12-14> Over heating of a protein during extrusion processing might cause the loss of amino acids by oxidation") and decrease the availability of some amino acids such as lysine through the Maillard reaction.12,13) However, precise examination of the extrusion processing on amino acid availabilities of plant proteins has not been conducted in fish feeds.16) Therefore, in this study we determined the apparent and true availabilities of amino acids from several protein sources for fingerling common carp, red sea bream, and also rainbow trout for which only apparent values were de termined in our previous study.1) To elucidate the influence of extrusion processing on amino acid availability of pro teins, extruded SBM (ExSBM) and extruded MPF (Ex MPF) were also evaluated in addition to white fish meal (FM), SBM, MPF, and CGM that were tested in our previ ous studies of trout1) and flounder .2)
Materials
and Methods
Experimental Diets
The proximate and amino acid compositions of the test protein sources are given in Table 1 . FM was produced by Emerald Seafoods Inc., USA, SBM by Showa Sangyo Co. Ltd., Japan, MPF by Kirin Brewery Co. Ltd., Japan, and CGM by Nippon Corn Starch Co. Ltd., Japan. The extru sion conditions for SBM and MPF are given in Table 2 . The ingredients and proximate compositions of the ex perimental diets are given in Table 3 . The six diets were for mulated so as to contain one of the protein sources and to provide a diet of approximately 35% crude protein. For es timating true availability values, a protein-free diet was also prepared to determine the metabolic fecal nitrogen content and amino acid composition. Pollock visceral oil was added to adjust the crude fat level of the diets to ap proximately 15% for rainbow trout and red sea bream, and 10% for carp. Chromic oxide was included as an inert reference substance to determine the digestibility of pro tein and the availability of amino acids. In the diets for red sea bream, the same feeding stimulant as we used for Japanese flounder2) was also included to enhance feed in take because the experimental fish did not accept even the FM diet without the feeding stimulant. These ingredients were thoroughly mixed and made into pellets according to the method described previously.1)
Fish and Feeding Procedures
Fingerling rainbow trout were transferred from the Shi ga Prefectural Samegai Trout Farm and common carp Table 2 . Extrusion conditions* * Twin screw extruder (DNDG -62 , Buhler Ltd., Germany) was used. The fish (n=40) were stocked in the conical tank, and were fed on a test diet. Uneaten foods were drained from valve I without connec tion to the acrylic column. After all uneaten foods were cleaned from the system, the column was attached so that fecal materials set tled into the column. The lower part of the column was cooled with crushed ice. 
Analytical Methods
All chemical analyses and determination of apparent availability (digestibility) values were carried out as previ ously described.') True amino acid availability (TAAA) was calculated using the following formula of Kim:18) Where, AA (%) is an amino acid content in each diet or feces, and MFAA (g) is a metabolic fecal amino acid con tent per 100 g of the protein-free diet. True tryptophan availability could not be determined due to the tryptophan content being too low in the feces from the protein-free diet. We did not carry out any specific correction of the availability values of alanine and proline supplemented as the feeding stimulant because we found in the previous study that such a correction was inconsequential unless the protein digestibility is extremely low.2) Amino Acid Availability for Rainbow Trout Apparent and true amino acid availabilities of the pro tein sources for rainbow trout are shown in Tables 5 and 6 , respectively. Apparent protein digestibilities (APD) of FM, SBM, and CGM were similar (p>0.05) at 93 to 95%, and that of MPF was significantly lower (84%) (p<0.05) than the above three ingredients. Extrusion processing of SBM and MPF slightly but significantly improved the APD (p<0.05) by 3.5 and 2.6%, respectively. The true protein digestibility (TPD) of each protein source was about 1.4% higher than the APD.
Individual apparent amino acid availabilities (AAAA) within each protein source were similar and approximated the APD. Although the APD of FM, SBM, and CGM did not differ with each other, some AAAA of SBM were sig nificantly lower (p<0.05) than those of FM. Extrusion processing significantly increased most of the AAAA (p <0.05) compared with those of the unextruded ones, and no negative influence of the extrusion processing was ob served on the AAAA. Although the true lysine availability of CGM was 2.8% higher than the apparent value, the differences between TAAA and AAAA of an amino acid were generally as small as those observed between the TPD and the APD. There was little difference in the average values between the essential and the non-essential amino acid availabilities. Amino Acid Availability for Common Carp Apparent and true amino acid availabilities of the pro tein sources for common carp are shown in Tables 7 and 8, respectively. APD was high at around 90% in FM and SBM, intermediate in MPF (84%), and the lowest in CGM (76%). Extrusion processing of SBM significantly in. creased the APD (p<0.05) by 4.0%, but the effect on MPF (1.7% improvement) was not significant (p>0.05).
The TPD were about 1.9% higher than the APD. Individual AAAA within a protein source were similar and approximated the APD. Extrusion processing sig nificantly increased most of the AAAA for SBM and even some of the AAAA for MPF (p<0.05), and no negative influence of the extrusion processing was observed on the individual AAAA. Although the APD of FM was not sig nificantly different (p>0.05) from that of SBM, some AAAA of FM were significantly lower (p<0.05) than those of SBM. The differences between TAAA and AAAA were as small as those observed between the TPD and the APD, however, relatively large differences were noted for several amino acids such as lysine in CGM (4.6%) and threonine in ExMPF (3.4%). Table 10 . True protein digestibility and amino acid availabilities of the protein sources (%) for fingerling red sea bream *1-4 See the footnote of Table  6 .
Amino Acid Availability for Red Sea Bream Apparent and true amino acid availabilities of the pro tein sources for red sea bream are shown in Tables 9 and  10 , respectively. The APD of the protein sources were simi lar to those observed for common carp. Namely, the APD was the highest in FM and SBM (93 and 92%, respectively), intermediate in MPF (81 %), and the lowest in CGM (79%). Extrusion processing slightly but significantly improved the APD of both SBM and MPF (p<0.05) by 2.1 and 2.0%, respectively. The TPD of a protein source was about 3.5% higher than the APD, and the differences be tween the TPD and the APD were larger than those for rainbow trout and common carp.
Although individual AAAA within each protein source approximated the APD, some amino acids such as glycine in MPF and CGM showed notably lower values than the average availability of total amino acids. The APD of FM and SBM were similar (p>0.05), however, some AAAA of SBM were significantly lower (p<0.05) than those of FM. Although significant improvement (p<0.05) by the extrusion processing was observed in only half of the ami no acids in SBM, the processing had no negative influence on the individual AAAA of both SBM and MPF. The differences between TAAA and AAAA greatly varied with amino acid, and the true lysine availability of CGM was nearly 10% higher than the apparent value. Similar large differences between the TAAA and the AAAA were ob served for glycine of the plant protein sources. In general, relatively high APD of fish meal (around 90%) have been reported for many fish species. 4, 6, [20] [21] [22] [23] [24] [25] [26] [27] In some studies,3,5,18) however, relatively low fish meal diges tibilities (< 80%) have been reported due to differences in the processing conditions or the quality of the raw materi als processed. In our amino acid availability studies, rain bow trout,1) Japanese flounder,2) common carp, and red sea bream have all exhibited good digestibility of the FM protein (APD; >89%). Accordingly, the quality of the FM used in our previous1,2) and present studies was proved to be good, and all four fish species we have examined so far well digested the FM protein. Recent studies of Watanabe et al.27 ) for freshwater fish species and Masumo to et al.6) for yellowtail also indicate high APD of fish meals (> 89%).
In the studies of protein digestibility determination, SBM is most commonly evaluated among alternative pro tein sources. The reported SBM protein digestibility values vary among fish species 3,6,20-2A, [27] [28] [29] and even in rainbow trout, the APD vary from 6828) to 96%,22) because the proc essing conditions of SBM greatly affect the protein diges tibility.30,31) Watanabe et al. 27 ) reported high APD of com mercially available SBM in several freshwater species including rainbow trout and common carp. In our studies, SBM is also well digested by rainbow trout, common carp, and red sea bream (APD; > 90%), but was not by Japanese flounder (80%).2) On the other hand, Kikuchi et al.32) reported that SBM could replace no less than 50% of FM in flounder diets supplemented with crystalline essen tial amino acids. Masumoto et al. 6 ) also reported that the APD of full-fat soybean meal in yellowtail was only 83% but the TPD was estimated as 90%. Therefore, the SBM protein digestibility for flounder should be reevaluated tak ing account of the metabolic fecal nitrogen.
Although the digestibilities are lower than SBM, MPF also shows a similar trend like SBM in protein digestibili ties by the fish species tested, i.e., the APD of MPF for rainbow trout, carp, and red sea bream are almost identi cal at 80 to 85%, while that for flounder was lower (69%).2) This trend observed in the APD of MPF seems consistent with the optimal substitution levels of FM by MPF for rainbow trout (40%),') common carp (40%),8) red sea bream (30%),9) and Japanese flounder (20%).)0) These findings suggest that red sea bream digest the plant proteins (SBM, MPF, and CGM) much better than Japanese flounder. In this study, we found that the protein digestibilities of FM, SBM, and MPF among rainbow trout, carp, and red sea bream are almost identical, while the digestibilities of CGM protein greatly vary with the fish species.
Determination of True Amino Acid Availability
The metabolic fecal nitrogen content from rainbow trout determined in this study (81 mg/ 100 g diet) is within the range determined by Nose (50 to 150 mg).21) That from carp (111 mg) is higher than the value of Kim (87 mg)18) but is lower than Ogino et al. (144 to 180 mg) .34) On the other hand, the metabolic fecal nitrogen content from red sea bream (206 mg) is higher than the other two species in this study. In the red sea bream diets, we included a feed ing stimulant containing alanine and proline to enhance fish feed intake. Although the metabolic fecal alanine and proline contents are higher in red sea bream than the other two species, the percentages of these amino acids in the total amino acids are similar among the three species (Table 4) . This means that the supplemental alanine and proline are highly absorbed.35,36) Since Takii et al, 37, 38) reported that the inclusion of a feeding stimulant in diets promoted digestion and metabolism of nutrients in the eel Anguilla japonica, higher level of digestive enzymes might have been secreted and included in the feces from the pro tein-free diet for red sea bream in this study. Further pre cise examination is necessary to clarify the influence of a feeding stimulant on the metabolic fecal nitrogen and die tary protein digestibility.
In this study, statistically significant differences were not detected between the protein digestibilities of FM and SBM in the three species. In carp, however, availabilities of some amino acids in SBM are significantly higher than in FM. In rainbow trout and red sea bream, availabilities of some amino acids in SBM are significantly lower than in FM. These findings suggest that amino acid availability values are more accurate than the protein digestibility values to compare the protein quality of feed ingredients.
Due to the large variation of amino acid availability values within a protein source, the necessity to determine individual amino acid availabilities, especially true availabilities for relatively low protein ingredients such as plant protein sources, has been emphasized in several reports.3-6) Although the differences between TPD and APD are small (1.3 to 3.6%) in this study, and we did not find such a large variation within individual amino acid availabilities, the differences between individual TAAA and AAAA of several amino acids are notably larger than the difference between the APD and the TPD. Among them, the true lysine availabilities of CGM in carp and red sea bream and the true glycine availabilities of the plant proteins in red sea{ bream are markedly higher than the ap parent values. In threonine availabilities of MPF and CGM, relatively large differences between the AAAA and the TAAA are also observed as compared with other essen tial amino acids. These amino acids are relatively low in the protein source(s) compared with relatively high con tents in the metabolic feces. Lysine is the most limiting ami no acid in CGM so the lysine availability of CGM should be accurately evaluated. In the studies of Wilson et al.,3) Anderson et al.,5) and Masumoto et al.,6) similar large differences are observed between the apparent and the true lysine availabilities of corn or CGM. The differences be tween TAAA and AAAA for methionine, the most limit ing amino acid in SBM, however, are small compared with those for lysine possibly because the metabolic fecal methionine is much lower than lysine. Accordingly, we also recognize the significance of determining TAAA of a protein source with relatively low digestibility such as MPF and CGM.
Extrusion Processing of SBM and MPF
Several studies have revealed that extrusion processing of fish feeds or feed ingredients improves the digestibility of carbohydrate (availability of energy) mainly due to gelatinization of raw starch without improvement in dieta ry protein digestibility. 16, 29, [39] [40] [41] [42] More precise studies have revealed that appropriate extrusion treatment also im proves digestibility of plant proteins in mammals12,13) and of SBM in rainbow trout.14) In the present study, treatment of SBM by a twin screw extruder improved the TPD by 2.0 to 3.9%, so that the SBM protein was almost completely digested and absorbed (TPD; 96 to 98%) by the three spe cies examined. Since extrusion processing of SBM is known to partly denature the protein structure and to inac tivate the antinutritional factors such as protease inhibi tors in SBM,12,13> the SBM protein might become more digestible by proteolytic enzymes.
Compared with SBM, the effect of extrusion processing on the MPF protein digestibility was smaller (1.8 to 2.6% improvement), and the effect was insignificant in the carp diet. As shown in Table 2 , the material pressure during the extrusion processing of MPF was approximately half that for SBM, possibly due to the high fat content in MPF (Table 1) . Thus, the MPF protein might not have been denatured as much as that of SBM.
Although the extrusion processing was accompanied by high temperature (Table 2) , no negative influence was ob served on the individual amino acid availabilities. Since the lysine availability was indeed improved by the extru sion processing similar to the other amino acids, the Mail lard reaction is negligible at the extrusion conditions of the present study. The MPF protein digestibility for carp was not improved by the extrusion processing, however, availabilities of several amino acids in MPF were sig nificantly improved. Thus, extrusion processing of plant protein sources, especially of SBM, seemed to improve digestibility of protein and decrease the consequential ex cretion of fecal nitrogen compounds into surrounding water. Since the improvement of the SBM protein diges tibility by extrusion processing is generally less than 5%,12) and the effect of extrusion processing on nutrient digestibil ities highly depends on the extrusion condition, 11-14) one must carefully examine an appropriate extrusion condition for individual ingredients.
In summary, judging from the large variation in the CGM protein digestibility among the fish species tested, CGM protein digestibility should be carefully evaluated for each fish species. We found that individual amino acid availabilities are sometimes significantly different between two ingredients even when the protein digestibilities of the ingredients are the same. In addition, although individual amino acid availabilities of a protein source generally ap proximate the protein digestibility value, the differences be tween TAAA and AAAA are large among certain amino acids. Thus we conclude that determination of individual true amino acid availabilities may be necessary for more ac curate evaluation of the nutritional quality of feed in gredients and for more economical formulation of practi cal fish feeds.
